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blood glucose and insulin levels in elderly pre-diabetics
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Objectives: To analyze the effect of celery leaf extract
on blood glucose and plasma insulin levels in elderly
pre-diabetics.

Methods: This study was conducted between March
and November 2014 at the Faculty of Medicine, Syiah
Kuala University, Banda Aceh, Indonesia. A quasi-
experimental pretest-posttest with a control group
was conducted with elderly pre-diabetic volunteers.

The subjects included 16 elderly pre-diabetics older
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than 60 (6 males and 10 females). The subjects were
randomly divided into 2 groups: a control group
(placebo-treated) and a treatment group (celery-
treated). The treatment consisted of celery leaf extract
capsules at the dose of 250 mg, 3 times per day
(morning, afternoon and evening), 30 minutes before
a meal, for 12 days. Data analysis was performed
using the t-test (p<0.05).

Results: There was a significant decrease in pre-
prandial plasma glucose levels (p=0.01) and post-
prandial plasma glucose levels (p=0.00), but no
significant increase in plasma insulin levels (p=0.15)
after celery leaf treatment in elderly pre-diabetics.

Conclusion: Celery was effective at reducing blood
glucose levels, but there was a lack of association
between blood glucose levels and plasma insulin levels

in elderly pre-diabetics.
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Insulin is a hormone that regulates how carbohydrates
are metabolized." It is produced by the P-cells of
pancreas.” Abnormalities in insulin secretion, insulin
action, or both can lead to disturbances in glucose
metabolism and occurrences of hyperglycemia.?
Clinically, hyperglycemia is one of the markers of
pre-diabetes and diabetes.>® Pre-diabetes is a condition
involving an increase in blood glucose levels above
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normal, but it does not meet the criteria for diabetes.?
The prevalence of pre-diabetes in Indonesia is roughly
10% of the total population.” Chronic hyperglycemia
and uncontrolled pre-diabetes are among the causes of
diabetes mellitus (DM).* Diabetes mellitus is a serious
public health problem worldwide and is a social and
economic burden.*” Indonesia is ranked fourth among
countries with the largest number of diabetics, after
India, China, and the United States.® Diabetes mellitus
is a chronic metabolic disease, a lifetime risk, and a silent
killer. It can cause premature death.”” Uncontrolled DM
can cause co-morbidities and multiple complications.
Its complications include retinopathy (blindness),
neuropathy, nephropathy (renal disease), ulceration,
amputation and cardiovascular disease.>'” Prevention
and treatment of DM is necessary to control the surge
in the number of diabetics.!''*'The principles of therapy
for diabetic patients consist of lifestyle modification
(diet and physical activity) and taking anti-diabetic
drugs regularly.”"" Long-term use of anti-diabetic drugs
has an impact on economic costs for DM patients
and national health care systems.'"” Long-term use of
anti-diabetic chemicals also has many side effects and
complications, including bone problems, weight gain,
and cardiovascular disease.”'® Therefore, it is necessary
to develop new alternative anti-diabetic drugs that have
few side effects and are inexpensive. This challenge is
still significant worldwide, including in Indonesia.
Indonesians have long wused medicinal plants,
traditionally called “jamu”, to manage various diseases.'*
15 Celery (Apium graveolens L.) in Bahasa Indonesian is
called “seledri”. Celery is one of the medicinal plants
that has potential as an anti-diabetic drug.' It is one of
more than 1200 plants with a hypoglycemic effect.'®!”
Celery is low cost and is easily obtained in Indonesia.
Therefore, we studied celery for its effects on anti-
hyperglycemia in elderly pre-diabetics. A study of the
literature revealed that celery had hypoglycemic activity,
showing the necessity of conducting research.'®'” We
conducted a preliminary study using male rats. The
results of that study showed a significant decrease
(63.3%; p=0.001) in blood glucose levels after 10 days
of treatment with 50 mg/dL dose of celery. The results
of this preliminary study formed the basis with which
we conducted this study using pre-diabetic subjects.

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug company.

Methods. Extraction procedure and preparation
of celery capsules. The extraction procedure and
preparation of the celery capsules were conducted in 3
stages: 1) Preparation of condensed celery: A total of
20 kg of fresh celery leaves were collected from a celery
farm in Punge, Banda Aceh, Aceh Province, Indonesia.
The fresh celery leaves were washed and dried at room
temperature for as long as 3 days. The weight of the
celery leaves after drying decreased to 2 kg. The dried
celery leaves were mashed with a blender and extraction
was accomplished via maceration. The maceration
was carried out using as much as 40 liters of ethanol
(EtOH) 96%. The dried celery leaves were mixed with
ethanol 96% and then mixed well for about 30 minutes
and allowed to stand for 24 hours. The maceration was
conducted 3 times until the resulting solution became
relatively clear and dilute. The macerated celery was
filtered using flannel and filter paper to produce a celery
filtrate. The celery filtrate was then evaporated using a
rotary evaporator at a temperature of 40°C to produce
a condensed extract of celery leaves. 2) Preparation
of powder and granule celery: A total of 30 grams of
the condensed celery leaf extract was added to 5 g of
aerosil and mixed until homogeneous. The extract
was then dried in an oven at a temperature of 50°C
for 30 minutes. This process yielded a celery powder.
A total of 15 g of celery powder was mixed with 10 g
of Avicel PH 102, 0.15 g of Na benzoate, and 0.9 g
of Polyvinylpyrrolidone K-30 (PVP K-30) to produce
granules of celery extract. The granules were sieved
using a sieve with 1.19 mm in size. The sieve was dried
in the oven at 50°C for 30 minutes. The celery extract
was tested for water content and weight uniformity
using thin layer chromatography. 3) Preparation of the
celery capsules. Celery capsules contain as much as 30%
(75 mg) fillers, such as lactose, magnesium stearate, and
aerosil. A total of 72,000 mg of celery leaf extract were
inserted into the capsule (size 00) with a dose of 250
mg/capsule. The total number of capsules was 288.
The capsules were stored in clean, dry, air tight, sealed
bottles. The capsules were immediately administered
and not stored for long periods of time.

Placebo capsules. The control group was treated with
placebo capsules (size 00) at a dose of 250 mg containing
lactose + 30% (75 mg), magnesium stearate and aerosil.

Patients’The experimental research was conducted
in this study by a quasi-experimental pretest-posttest
with a control group. Research subjects were obtained
from the elder care facility “Rumoh Seujahtera
Geunaseh Sayang” in Ulee Kareng, Banda Aceh, Aceh
Province, Indonesia. The total population was 62 elderly
individuals (22 males and 40 females). Forty-eight

www.smj.org.sa  Saudi Med ] 2018; Vol. 39 (2) 155


http://www.smj.org.sa/index.php/smj/index

Celery treatment in elderly prediabetics ... Yusni et al

elderly people volunteered to participate. We examined
the blood glucose levels of these 48 elderly people
and found that 22 of the subjects had hyperglycemia
(pre-diabetes). However, 6 of these subjects did not
satisfy our inclusion criteria, and the final sample was
accordingly 16 people. The research subjects were
elderly pre-diabetics with an age of at least 60 (6 males
and 10 females).

All participants provided written informed consent
to participate in our study. We divided the research
subjects into 2 groups: a control group (n=8; 5 females
and 3 males) and a treatment group (n=8; 5 females
and 3 males). The subjects in each group were selected
using a simple random sampling method with a lottery
system. The control group was an untreated group
(given a placebo). The treatment group was a treated
group (given a capsule of celery leaf extracts).

Treatment and laboratory procedures. The treatment
was celery extract capsules at a dose of 250 mg, given
3 times a day (morning, afternoon and evening), 30
minutes before meals and for the duration of 12 days.
The dose of 250 mg of celery extract was chosen based
on the conversion of an animal’s celery dose (a mouse) to
a human dose. The calculation was as follows: the dose
for mice is 100 mg/kg body weight (BW). The absolute
dose is 100 mg/kg BWx0.02 kg=2 mg (the weight of
mice is 20 g). Using the conversion factor 0.0026, the
required dose for humans is 2 mgx387.9 = 775.8 mg (the
dose for humans with an estimated BW of 70 kg). The
dose was divided into 3 administration times: morning
(250 mg), afternoon (250 mg) and evening (250 mg),
and was given 30 minutes before meals (according to
the treatment schedule of anti-diabetic drugs).

All of the participants were treated with the celery
and the placebo for 12 days. We chose this duration
based on the results of our preliminary study with
hyperglycemic male rats. That study revealed that the
administration of celery with a dose of 50 mg/kg BW
daily for 10 days significantly decreased blood glucose
levels in hyperglycemic male rats. Measurements of
blood glucose levels (pre-prandial plasma glucose levels
and post-prandial plasma glucose levels) and insulin were
obtained twice, before and after treatment. The glucose
oxidase method (GOD-PAP) was used to measure the
level of the subjects’ blood glucose. An enzyme-linked
immunosorbent assay (ELISA) was performed to
measure the level of insulin in the subjects’ plasma.

Ethical clearance. The use of patients and protocols
in this research was adapted to the principles of the
Declaration of Helsinki. Ethical approval has been
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obtained from the ethics committee of the Faculty
of Medicine, Syiah Kuala University, Banda Aceh,
Indonesia (238/KE/FK/2014).

Statistical analysis. ‘The statistical analysis was
conducted using a test of homogeneity of variances
according to a Levene statistic (p<0.05), a test of
normality using the Kolmogorov-Smirnov test
(p<0.05), and a paired samples t-test (p<0.05). The
results of the statistical analysis indicated that the data
were homogeneous and normally distributed. The
paired sample t-test analysis was used to determine
differences in blood glucose levels and plasma insulin
levels between the placebo and the celery group.

Results. The characteristics of the research subjects,
such as their ages, weights, and blood pressures did not
significantly differ between the placebo group and the
celery group (p<0.05), as shown in Table 1.

Figure 1 also shows that there was a difference in
the untreated plasma insulin levels in the placebo and
celery groups. The difference was caused by the fact
that there were some patients who had very high levels
of blood glucose in the celery group despite their not
being aware of this situation. However, because of the
limited number of patients in our cohort, we did not
exclude elderly with very high blood sugar from this
study. There was a different response to therapy in both
groups. The results showed that plasma insulin levels
decreased after therapy in the placebo group, whereas
the opposite occurred in the celery group. The results
of this study showed that plasma insulin levels slightly
increase (1.16 pg; 0.08%) after treatment in the celery
group. There was a significant decrease in insulin level
after treatment (21.67 pg; 7.8%) in the placebo group,
as shown in Figure 1.

Table 1 - Physical characteristics of the subject of research.

Physical characteristics MeanSD P-value

Age (years)
Placebo group 69.00 + 8.68 0.71
Celery group 67.00 + 11.38

Weight (kg)
Placebo group 48.12 + 16.25 0.53
Celery group 48.12 +7.66

Systolic (mm Hg)
Placebo group 132.00 + 23.04 0.60
Celery group 133.25 + 24.30

Diastolic (mm Hg)
Placebo group 81.25+9.91 0.43
Celery group 84.50 £ 5.55
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Figure 1 - Description of plasma insulin levels before and after treatment

in both groups.
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Figure 2 - The decreasing of pre-prandial blood glucose levels in both
groups.

Figure 2 shows that the levels of pre-prandial blood
glucose increased after treatment in the placebo group.
This effect was different from that observed in the celery
group. Pre-prandial blood glucose levels decreased by
9.8% after celery therapy in the celery group. The
results of this study indicate that celery can lower
pre-prandial blood glucose levels in elderly patients
with pre-diabetes.

Figure 3 shows an increase in post-prandial blood
glucose levels after therapy in the placebo group.
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Figure 3 - The reduction of postprandial blood glucose levels in both
groups.

Patients in the celery group exhibited the opposite
effect. Post-prandial blood glucose levels decreased by
19.5% after treatment in the celery group. These results
indicate that celery can lower pre-prandial blood glucose
and may also decrease post-prandial blood glucose
levels in elderly people with pre-diabetes. The results
also show that celery therapy has a better effect on
decreased post-prandial blood glucose levels compared
with decreased pre-prandial blood glucose levels in
elderly pre-diabetics. The results of this study indicate
that celery consumption as a pre-diabetic therapy in
the elderly should be coupled with the provision of
anti-diabetic drugs that have the effect of decreasing
pre-prandial blood glucose levels.

The results of homogeneity tests (p<0.05) of
insulin and blood glucose levels before treatment
(pretest) revealed that the data were homogenous. A
Kolmogorov-Smirnov normality test demonstrated that
the pretest data of insulin and blood glucose levels were
normally distributed (p<0.05). A paired samples t-test
(p<0.05) was used to determine the effect of treatment
on insulin and blood glucose levels in placebo and celery
group. The results of the paired samples t-test (p<0.05)
are listed in Table 2.

Table 2 shows that the mean values of pre-prandial
glucose (p=0.01) and post-prandial glucose were
significantly (p=0.00) decreased after treatment with
capsules of celery leaf extract. The results showed that
there was no significant (p=0.15) increase in insulin
levels after treatment in celery and control group. The
results of this study indicate that celery decreased pre-
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Table 2 - Effects of treated on insulin, glucose pre-prandial and glucose
postprandial levels in placebo and celery groups.

Variables MeanzSD T test  P-value
Placebo group
Insulin (ug)
Untreated 26.95 +26.39
Treated 5.28 + 4.50 -2.50 0.04*
Glucose pre-prandial (mgldL)
Untreated 127.50 + 22.39
Treated 131.25 +29.56 -0.47 0.64
Glucose postprandial (mg/dL)
Untreated 146.00 £ 67.27
Treated 152.75 + 67.78 -0.25 0.80
Celery extract group
Insulin (nug)
Untreated 6.87 £5.35
Treated 8.03 +8.03 1.59 0.15
Glucose pre-prandial (mg/dL)
Untreated 198.12 £79.28
Treated 178.75 + 62.03 -13.66 0.01*
Glucose postprandial (mg/dL)
Untreated 301.25 £ 135.78
Treated 242.62 £ 86.70 -13.98 0.00*

prandial blood glucose levels and post-prandial blood
glucose levels but only slightly increased plasma insulin
levels among elderly pre-diabetics. These findings may
be due to several factors, namely: 1) The celery extract
used was a pure extract rather than a synthesis of the
chemical components of celery with anti-diabetic
activity, such as flavonoids (kaempferol, quercetin,
triterpenes and luteolin), 2) The duration of celery
therapy, which needs to be considered for long-term
administration, 3) Subjects were elderly people.

Discussion. The results of this study show that after
treatment with celery, elderly pre-diabetics exhibited a
significant decrease in pre-prandial and post-prandial
blood glucose levels. However, there was no significant
increase in plasma insulin levels. These results may be
influenced by the fact that celery works at lowering
blood glucose levels by affecting the absorption
of glucose in the intestine, not by stimulating the
production of insulin by the pancreas.'®"® Other
possible explanations pertain to the duration of celery
leaf extract treatment and the fact that the subjects were
not specifically type 1 DM patients (Insulin-Dependent
Diabetes Mellitus/IDDM) or type 2 DM (Noninsulin-
Dependent Diabetes  Mellitus/NIDDM). Type 1
diabetes is caused by damage to the pancreas, which
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leads the pancreas to little or no insulin.""** The use of
elderly subjects is also one of the factors that may have
influenced the results of this study. The elderly exhibit a
decrease in almost all physiological functions, including
the function of the pancreas.”"” A manifestation of
reduced glucose tolerance in the elderly is an increase in
post-prandial glucose levels. Decreased relative insulin
secretion and peripheral insulin resistance cause glucose
intolerance.'”"”

Another factor of this study was its sole reliance
on celery leaf without a comparison with celery seed.
Celery seed extract can lead to decreased blood glucose
levels and increased serum insulin levels in diabetic
rats.”” Celery seeds contain the flavonoids apigenin,
luteolin, and phenolics.?'* Apigenin inhibits the aldose
reductase enzyme.?*?! This enzyme is a key enzyme in the
polyol pathway (sorbitol-aldose-reductase pathway).”!
The polyol pathway is a process that converts glucose
to sorbitol.?*?! Increased levels of sorbitol in diabetic
patients will lead to complications such as cataracts,
retinopathy, and neuropathy.?! Therefore, celery can
be used as an anti-diabetic and to prevent diabetic
complications.?

Celery seeds possess anti-diabetic properties, and
they stimulate increased insulin secretion by pancreatic
beta cells as well as decreased gluconeogenesis in the
liver.?>?*?” Histology test results have shown that
celery seeds can improve the integrity of pancreatic
beta cells.?** Celery also contains steroids, flavonoids
(apigenin, apiin, isoquercitrin), alkaloids, carbohydrates,
Vitamin A, Vitamin C, and glycosides.”* Celery
leaves contain phenols, apigenin, luteolin, chrysoeriol
7-glucosides, furanocomarin, psoralen, bergapten,
xanthotoxin, isopimpinellin, and phthalide.” 2® Celery
functions as an antioxidant, and flavonoids are one of
the antioxidants contained in celery.?® Flavonoids play a
role in neutralizing free radicals and preventing damage
to pancreatic beta cells.'"***?® Flavonoids control the
absorption of glucose in the intestine, carbohydrate
digestion, and glucose uptake with the regulation of the
cell-signaling AMP-activated protein kinase pathways.
They also improve glucose uptake in the skeletal
muscle cells.”?® Celery has some potent hypoglycemic
agents, such as essential oils, phenolics, triterpenes,
and flavonoids (kaempferol, quercetin, triterpenes
and luteolin), which possess anti-diabetic activity.””
Flavonoids act as anti-diabetics by reducing apoptosis,
increasing pancreatic beta cell proliferation, stimulating
insulin secretion, controlling glucose metabolism in
the liver and decreasing hyperglycemia.”” They also
play a role in decreasing insulin resistance, decreasing
inflammation in adiposity cells, and inhibiting


http://www.smj.org.sa/index.php/smj/index

Celery treatment in elderly prediabetics ... Yusni et al

oxidative stress in skeletal muscles.’*® Kaempferol acts as
an anti-diabetic due to its action in pancreatic beta cell
protection, a function associated with type 2 diabetes.”
In rats, kaempferol has been reported to reduce
hyperglycemia and to increase glucose uptake through
the PI3K and protein kinase C (PKC) pathways in
muscle.”® Oral therapy of kaempferol has been found
to decrease fasting blood glucose and HbAlc and to
increase insulin resistance.”®

Quercetin plays a role in lowering plasma glucose
levels in Alloxan-induced diabetic rats.”” Quercetin
has been identified not only to contribute to GLUT-4
mRNA translocation to cell membranes in adipocytes
and skeletal muscle cells but also to upregulate GLUT-4
mRNA levels.”” Quercetin and naringenin play a role
in protecting beta cells from cytokine toxicity via
the Phosphatidylinositol 3- kinase (PI3K) pathway.
Quercetin has been found to reduce blood glucose
levels through the Glucose Transporter 4 (GLUT-4)
as well as through glycogenolysis and gluconeogenesis
in the liver and to increase glucose uptake in the
liver and to stimulate insulin secretion by pancreatic
B-cells.” Apigenin and luteolin have potential as
Sodium-glucose Cotransporter-2 (SGLT-2) inhibitors
in neuropathic diabetes.”® Research has shown that
there is a significant decrease in blood glucose levels in
apigenin-treated diabetic rats.” Flavonoids play a role in
the up-regulation of Glucose Transporter-1 (GLUT-1)
expression levels and are useful for the treatment of
type-2 DM (T2DM).*! Phenolics are known to increase
glucose uptake and Glucose Transporter-4 (GLUT-4)
expression.”!

Apigenin acts as an anti-hyperglycemic agen
Diabetic rats treated with apigenin showed improvement
in hyperglycemia levels and antioxidant status.”
Alloxan-induced diabetic rats showed a decrease in
glucose levels and the ability to repair pancreatic beta
cells after apigenin treatment.”” Luteolin has been
investigated for its potential to increase insulin action
and to stimulate GLUT-4 activity in diabetic rats, as
well as to increase antioxidants in diabetic nephropathy.
This antioxidant increases insulin secretion via the
NF-kB and iNOS-NO signaling pathway.**

The literature review and the results of this study
have shown that DM pathogenesis and diabetic
complications are associated with oxidative stress.”
The formation and accumulation of free radicals in
DM patients occur due to increased glucose oxidation,
non-enzymatic glycation of proteins, and oxidative
degradation of proteins.*® Abnormalities of free radicals
and chronic declines in endogenous antioxidants result
in damage to cell organelles and oxidative enzymes.”

t.30

That study showed that celery can act as an exogenous
antioxidant in elderly pre-diabetics.”® Based on our
results, the fact that this study did not exhibit an increase
in plasma insulin levels was probably also caused by the
method of treatment with a pure extract of celery leaf,
which contains a variety of active substances. The use
of a flavonoid extract of celery leaf is likely to have had
different effects on plasma insulin levels.

Study limitations. A limitation of this study was
its small sample size. It was therefore very weak as a
clinical trial study. In addition, celery leaf extract was
administered as a pure extract. The study should have
been conducted using a comparison of the roots, stems,
and seeds of the celery plant. This study was preliminary
and is the basis for our continued research. The study
can be expanded to adult diabetic patients, using a
specific extract of celery such as flavonoids or other
active chemical components of celery.

In conclusion, celery leaf extract reduced pre-
prandial blood glucose levels and post-prandial blood
glucose levels, but it slightly increased plasma insulin
levels in elderly pre-diabetics. These findings indicate
a lack of association between blood glucose levels and
insulin plasma in elderly pre-diabetics.
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